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Executive Summary 
 

Perennial lupins have established successfully at 8 kg/ha and benefitted from pre sowing 
treatments that controlled resident grasses. The reinvasion of weed grasses such as Kentucky 
bluegrass, browntop and sweet vernal is the major issue to contend with if lupins are established 
for long term survival. The resident grasses are unpalatable which means they are likely to increase 
in population in any area that allows selective grazing, typical of the high country regions. In all of 
the experiments at Glenmore only the erect lupin plant has successfully reduced their population 
and reinvasion. In the sowing rate experiment they have increased more in the 3 t/ha of lime 
treatment. This suggest they may have responded to the lime but it is equally possible the 
additional year of pre-establishment herbicide treatment ensured they were controlled to a greater 
degree in the no lime treatment. 
 

It is recommended that at least two years of herbicide control is needed before a perennial lupin 
based pastures is introduced. The inclusion of cocksfoot and Caucasian clover (if seed is available) 
are also recommended to provide quality spring feed before the lupins become palatable at 
flowering. These lower growing species may also aid control of resident grasses. 
 

In this environment there has been little sign of lupin death as a result of cold winter but equally 
populations continue to decline and there are few signs of re-establishment of lupin from seedlings. 
The latter is probably because grazing has been targeted at a time when the lupins are most 
palatable, which is at flowering. Therefore few pods have been formed on the plants grown in the 
trial areas and those that have formed have not produced seedlings outside of the plot areas. The 
decline in lupin population is of concern. It is unclear at this time if this is a natural ecologically self-
thinning that will arrest at a low asymptote or if the lupins are actually dying out. Excavation of 
plants shows tight root balls with limited root extension into the high aluminium areas. Roots look 
otherwise healthy and are covered in Bradyrhizobia which are supporting the high shoot yields. 
 

Attempts to establish other legume species at this site have been unsuccessful. Lucerne initially 
established but physical damage to root hairs and potentially low survival of the rhizobia have 
caused poor growth and survival. Caucasian clover has survived and thrived in the environment and 
hence the suggestion to include it in any seed mix if drilling lupin. Lotus pedunculatus failed to 
persist beyond the first grazing and balansa clover has not regenerated in any great numbers. White 
clover was observed as a volunteer during a wet summer but the normal dry summers limit its 
potential in this environment. 
  
This research programme has concluded under the current contract but it has stimulated 
associated research work at Lincoln University on 1) deep placement of lime (AgMardt), 2) soil 
aluminium versus pH (Ballance), 3) lupin grazing (LU), 4) aluminium tolerant lucerne rhizobia (MBIE) 
all being pursued by kiwi PhD students. Thus, the programme of funded work has generated spin 
off projects to add to the scientific knowledge in this area. A potential downside has been the initial 
expectation the programme generated in some farmers minds of an ongoing dedicated extensive 
high country research programme. This has meant the LU team have continued to be asked about 
areas of work that were withdrawn from the programme over time. We see a need to continue 
high country centred forage research work on a long term basis but current public and private 
funding models preclude opportunities for this.  
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1. Glenmore climate 
 
Temperature and rainfall were recorded on site since December 2011. These data were compared 

with data from the NIWA (National Institute of Water and Atmospheric Research) Tekapo climate 

station (current rain and 30-yr rain and temperature normals; Figure 1.1). Monthly rainfall was 

typically variable and at times differed greatly from long term means. 

 

 
Figure 1.1 Monthly mean temperatures and rainfall totals recorded on site (Glenmore Temp. and 

Glenmore Rain). Also shown are Tekapo rain (NIWA Tekapo climate station) and the 30 year 
Normal (1981-2010) temperatures and rain for Tekapo (NIWA CliFo Database, accessed June 
2015). 

 

Following the sowing of the experiments described in this report on 11 December 2012, conditions 

were dry and germination and emergence were slow. An 80 mm rain event at the beginning of 

January 2013 provided the ideal conditions for emergence and establishment from the December 

sowing. This rain and conserved moisture from the spring fallow allowed consistent growth through 

to autumn 2013. Year 1 ended with 200 mm of rain and a blanket of snow for several weeks in late 

June. 

 

For the 2013-14 season (Year 2), the rain and snow in May-June, 2013, was followed by sufficient 

rain in July-September to ensure that soils were at field capacity in early spring. Spring pasture 

growth responded well. The summer period was dryer than normal resulting in poor summer and 

early autumn (March) growth.  

 

The 2014-15 season (Year 3) started with a cold July and a full soil water profile after higher than 

normal rain in April-June, 2014. The rest of winter and spring had near normal temperatures ending 
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with a cool November at 9.7°C which was 1.5 degrees below the normal. Summer was warmer than 

normal. The very low December-February rainfall, only 28% of the normal rainfall for this 

period, kept the soil dry and pastures stressed. Spring growth was rapid up to late November, but 

the summer period was the driest of the four summers that the experiments have been running at 

Glenmore leading to poor summer and early autumn (March) regrowth.  

 

Climate is normally discussed in terms of annual and monthly means (or rainfall totals). For dryland 

pasture production, in general and the high country in particular, it is the temperature that defines 

the growing seasons hence we define the annual season as occurring from 1st July to 30th June. 

Spring, September-November, is defined by increasing temperature and usually adequate soil 

moisture. Below average rainfall during the spring can lead to stressed pastures by the end of 

November. The summer, December-February is the warm dry season. Even normal rainfall at 

Glenmore is inadequate for vigorous pasture growth. Autumn, March-May, offers the last chance 

for slow pasture growth before the cold of winter (June-August). A dry March following a dry 

summer will result in little pasture growth. 

 

Annual pasture production is therefore heavily reliant on the quantity and quality of pasture growth 

in spring and early summer. The climate has also played its part over thousands of years to create 

acidic soils at Glenmore and many other parts of the high country. The experiments reported here 

have used legumes most suited to the local climate.  
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2. Experiment 5- Establishment and persistence of perennial 
legumes in response to lime.  

 

Aim of the study 
To investigate the potential of perennial legumes use in the acidic high aluminium soil of Glenmore 

station. Observations concentrated on the productivity and legume persistence in response to the 

five lime rates applied in May 2012. 

 

Experimental design 
The experiment was a strip-plot design with three replicates. Main plots were five lime rates (Nil, 0.5, 

1.0, 2.0 and 4.0 t/ha) and sub-plots were six legumes (Lucerne, Russell lupin, Caucasian clover, white 

clover, balansa clover and lotus). White clover, balansa clover and lotus were included to assess 

whether water-logging may have been a factor in some of the poor establishment of the other 

legumes (lucerne, lupin, Caucasian clover) when sown in Experiments 1-4 in November 2011. This 

may be the main issue for low lucerne survival rather than the soil aluminium. The resident 

vegetation was sprayed with glyphosate in March 2012, then grazed and burnt shortly afterwards. 

Lime rates were applied in May 2012. Glyphosate was again applied in early December 2012. 

 

Table 2.1 Legume sowing rates, germination rates (%), thousand seed weight (TSW) and the number of 
seeds sown per meter and per square meter at Glenmore, 11 December 2012. 

Legume 
Sowing rate 

(kg/ha) 
Germination 

(%) TSW (g) Seed/m2 Seed/m 
Lucerne 10 95 2.1 476 71.4 
Lupin 30 55 26.0 115 17.3 
Caucasian 8 90 2.5 320 48.0 
White 4 95 1.8 222 33.3 
Balansa 5 90 1.8 278 41.7 
Lotus 5 85 1.8 278 41.7 

 

Results 
Year 1- Establishment (Dec 2012- June 2013) 
January 2013 
Seedling maturity (Figure 2.1) and emergence (Figure 2.2) were recorded on 24 January 2013. Earlier 

observations indicated that there was little emergence before 2-3 January 2013 when 78 mm of rain 

was recorded on site. The age class distribution (Figure 2.1) indicated that some seed had likely 

germinated and emerged before the rain in early January. As expected, Caucasian clover was the 
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slowest in leaf appearance. All species, except white clover, also had some seedlings still at the 

cotyledon or spade leaf stage. Plant density at six weeks after sowing was not different (P = 0.37) 

among the six legumes (Figure 2.2). Plant density was uniform across replicates for lupin and 

Caucasian clover but other species were inconsistent across reps. The percentage emergence (Figure 

2.2), relative to the number of seeds sown, was highest for lupin (35%; P < 0.001, l.s.d. = 8.8) whereas 

all other legumes ranged from 9.7% for balansa to 17.7% for lotus and were not different. 

 

Figure 2.1 Legume seedling development at Glenmore, six weeks after sowing on 11 December 2012. 

 

 
Figure 2.2 Legume plant density and % emergence of sown seed at Glenmore, six weeks after sowing on 

11 December 2012. 

 

Plant distribution within drill rows was uneven with frequent gaps of more than half a meter (Figure 

2.3). Coefficients of variation (CV) > 100% indicated it was highly likely that there were 0.5 m sections 

of drill row with few or no plants/m in them mostly at the lower overall plant populations. These gaps 
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and the range of plant populations recorded were a likely consequence of irregular seed placement 

during sowing, with the frequency of these gaps diminishing at higher plant populations. There was 

no effect of lime on either CV of plants/0.5 m or plant population. 

 

 
Figure 2.3 Spatial variation of legume seedlings at Glenmore, six weeks after sowing on 11 December, 

2012. The coefficient (Coeff.) of variation is a measure of the variability in the number of 
seedlings counted per 0.5 m of drill row. 

  

y = -3.11x + 87.5
R² = 0.23

0

50

100

150

200

0 5 10 15 20

Co
ef

f. 
of

 v
ar

ia
tio

n 
(%

) Lucerne

y = -5.85x + 94.3
R² = 0.24

0

50

100

150

200

0 5 10 15 20

Co
ef

f. 
of

 v
ar

ia
tio

n 
(%

) Lupin

y = -4.13x + 103
R² = 0.24

0

50

100

150

200

0 5 10 15 20

Co
ef

f. 
of

 v
ar

ia
tio

n 
(%

)

Plants per m of drill row

Caucasian

y = -8.03x + 151
R² = 0.43

0

50

100

150

200

0 5 10 15 20

Co
ef

f. 
of

 v
ar

ia
tio

n 
(%

) White

y = -14.9x + 174
R² = 0.42

0

50

100

150

200

0 5 10 15 20

Co
ef

f. 
of

 v
ar

ia
tio

n 
(%

) Balansa

y = -6.46x + 139
R² = 0.58

0

50

100

150

200

0 5 10 15 20

Co
ef

f. 
of

 v
ar

ia
tio

n 
(%

)

Plants per m of drill row

Lotus

9 
 



March 2013 
Percentage ground cover, sown legume population and standing herbage mass were measured on 7 

March 2013. The species of sown legume affected the relative cover of sown legume (P < 0.001), 

other species (P < 0.001) and bare ground (P = 0.041), (Figure 2.4). Lupin was the most dominant of 

the sown legumes with low proportions of bare ground and other species. There was also a legume 

x lime interaction (P = 0.017) so that the relative legume cover showed a response to lime for balansa 

and white clovers (Figure 2.5). Also, the relative cover of the ‘other species’ showed a variable 

response to lime depending on the species of sown legume (legume x lime interaction: P = 0.004; 

l.s.d. = 17%; Figure 2.6), but no clear trends associated with the amount of lime applied. The other 

species consisted mainly of Kentucky bluegrass, fathen, sweet vernal, browntop, haresfoot trefoil, 

sorrel and mouse-eared hawkweed, in decreasing order of occurrence. 

 

Figure 2.4 Relative cover of sown legume, other species and bare ground in Experiment 5 at Glenmore 
Station on 7 March 2013, three months after sowing. Lime was surface applied the previous 
May (2012). 
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Figure 2.5 Relative cover of sown legumes in response to applied lime in Experiment 5 at Glenmore Station 

on 7 March 2013, three months after sowing. Lime was surface applied the previous May (2012). 

 

 
Figure 2.6 Relative cover of other species in response to applied lime in Experiment 5 at Glenmore Station 

on 7 May 2013, three months after sowing. Lime was surface applied the previous May (2012). 

 
The sown legume population (Figure 2.7) was the same for all legumes and lime rates (P = 0.089 for 

sown legume and P = 0.387 for lime rate). Note that plant population was not determined for white 

clover because individual plants could not be distinguished without destructive sampling. However, 

the ratio (%) of plants relative to the number of seeds sown for each legume species differed 

(P<0.001; l.s.d. = 0.061). The ratios in descending order were: lupin, 33.5%; lotus, 17.3%; Caucasian 

clover, 13.4%; lucerne, 8.3% and balansa clover, 7.5%. Figure 2.7 compares plant populations in 

March with seedling population in January and seed sown in December. Emergence and then 

establishment of ~30% for lupins was higher (P < 0.001) than other species that averaged about 10%. 

These data also confirm high survival of all seedlings from January to well-established plants in 

March. 
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Figure 2.7 Plant populations for six legume species in March 2013 compared with seedling populations in 

January 2013 and seed sowing rates in December 2012 in Experiment 5 at Glenmore Station. 

 
Total DM yield, sown legume DM yield and DM yield of all other species on 7 March 2013 were all 

affected by sown legume (P < 0.001, P < 0.001 and P = 0.005, respectively). There was no lime or lime 

x legume interaction effects on DM yield (Figure 2.8). 

 

 
Figure 2.8 DM yield of sown legume and other resident species on 7 March 2013, three months after 

sowing (l.s.d. = 818 and 298 for sown legume and other species, respectively). 
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Plate 2.1 Lucerne and lupin in Experiment 5 at Glenmore Station on 7 March 2013, three months after 

sowing. 

 
April 2013 
Plots were harvested on 18 April 2013 and total DM yields measured (Figure 2.9). The relative 

contribution of other species remained similar to the March assessment except that balansa clover 

showed strong autumn growth and became even more dominant with little increase in the other 

species. Most other sown legume species had high growth in the autumn. Lucerne, however, had 

flowered earlier and was becoming senescent with the cooler temperatures (Plate 2.2). By mid-May 

only the lupin and white clover were still relatively green, while lucerne and Caucasian clover were 

senescent and lotus and balansa clover had died due to frost. 

 

 
Figure 2.9 Total DM yield of sown legume plots on 18 April 2013, four months after sowing (l.s.d. = 1013). 
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Plate 2.2 View of Experiment 5 (lime rates x legume species) on 18 April 2013. The flowering lupin is 

clearly visible. The yellowish plots are over-mature lucerne. Balansa clover is immediately in 
front of the strip of lucerne. 

 

Root growth 
Horizontal root growth was observed in all excavated lucerne and Russell lupin plants irrespective of 

applied lime rates. However, lucerne roots were slightly ticker in the 4 t/ha of applied lime than lower 

rates (Plate 2.3). Neither lucerne nor Russell lupin roots were present in the high Al level in deeper 

soil horizon, and remained in the first 100 mm of soil horizon. Caucasian clover, in contrast, had tap 

roots that grew vertically down to 350 mm of soil depth within four months, in April 2013 (Plate 2.4).  
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Plate 2.3 Lucerne seedling growth 7th of March 2013, 86 days after sowing on 11th of December 2012. 

Lime rates (0, 0.5,1,2 and 4 t/ha lime) were applied on 02/05/2012. Shown are (a to d: lime 
rates 0, 1, 2, and 4 t/ha). Numbers 1 to 4 are plot numbers. 
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Plate 2.4 Tap root of Caucasian clover in plot 40 with the 4 t/ha of surface applied lime the previous 

autumn. Photo taken on 18th of April 2013, 127 days after sowing on 11th of December 2012 at 
Glenmore station. Lime rates (0, 0.5,1,2 and 4 t/ha lime) were applied on 02/05/2012. 
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Year 2 (July 2013-June 2014) 
 
The whole paddock, including this experiment, was grazed for two days in mid-June 2013 by 800 

merino ewes. Assessment the following spring and summer consisted of photographs of plots, 

capacitance probe measurements and visual assessment of sown legume yield fraction (20 October 

only) and quadrat cuts and botanical separations on 3 December 2013 and 25 March 2014 (Table 

2.2). Lucerne plots were also harvested for DM yield on 20 October 2013 and on 31 January 2014 

followed by mowing to 5-10 cm to promote a 6-7 week regrowth cycle for the lucerne. The whole 

paddock (2 ha) was grazed by 1200 merino two-tooths from 6-9 December for three and half days 

and 200 ewes for 7 days at the end of March.  

 

Table 2.2 Timeline of measurements and yield harvests for Experiment 5. 
 2013    2014    
Activity 17 Sep 20 Oct 3 Dec 6-9 Dec 15 Jan 31 Jan 25 Mar 28 Mar 

Photograph plots         
DM yield & legume 
fraction  pasture 

probe    lucerne 
only   

Mowing (hay cut)  lucerne    lucerne   
Grazing         

 
 
October 2013 
On 20 October, spring growth had commenced except for balansa clover and lotus, although small 

plants were present (Figure 2.10). Seed of the annual balansa clover had been hand spread the 

previous autumn, but seedlings were sparse. The strong growth of balansa the previous summer 

suppressed weed growth and left a large amount of dead stem litter. Volunteer white clover was 

common, and its presence within the sown white clover plots was estimated from its %cover in the 

Caucasian clover plots. Lupin dominated the early spring growth producing up to 4.5 t DM/ha (Figure 

2.11). The only species to show a lime response (P < 0.05) was lucerne. Lupin supressed most other 

species. Grasses were mainly browntop, Kentucky bluegrass and sweet vernal. 
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Figure 2.10 Percentage cover of the sown legume, other species and bare ground & litter on 20 October 
2013. 

 

Figure 2.11 Dry matter (DM) yield of a) the sown legumes, and b) the contribution from other species in 
response to five lime rates, on 20 October 2013. Plots were sown on 12 December 2012. 

 

December 2013 
Total spring DM yield (Figure 2.12) was over 8 t DM/ha for the Caucasian clover and lupin plots. Lupin 

was the dominant sown legume at 7.5 t DM/ha. The sown legumes (white clover, lucerne and 

Caucasian clover) produced 3.56, 3.53 and 4.42 t DM/ha, respectively. N.B.: the yield of lucerne at 20 

October, followed by cut and carry, was added to the December harvest. Caucasian clover plots had 
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over 1 t/ha of volunteer white clover. There was likely a similar proportion of volunteer white clover 

in the white clover plots that was not separated out. Other legumes were the adventive annual 

clovers namely striated, suckling and haresfoot clover. The resident grasses (Kentucky bluegrass, 

browntop and sweet vernal) dominated the balansa clover and were prevalent throughout except 

where heavily suppressed by the lupin. There was no effect of lime (P = 0.89) on the DM yields, but 

lucerne had shown a lime response similar to the October result (Figure 2.11). 

All plots were grazed in common after assessment. Measurements of residuals were taken from lupin 

and Caucasian clover plots. Utilisation was about 65% for the Caucasian clover and 35% for the lupin. 

However sampling was inadequate for a statistical analysis. 

 

 
Figure 2.12 Yield of sown legumes and other species on 2 December 2013. Least significant differences 

(l.s.d.; P < 0.001) are shown for the effect of the species of sown legume on the total yield and 
the live yield of each sown legume. 

 
March 2014 
Lupin growth started slowly after the grazing in December but increased during late February and 

March, while most other species, including volunteer grasses, showed drought stress (Figure 2.13). 

Lucerne grew well to the middle of January, producing about 90% of its summer DM yield, but then 

developed severe moisture stress symptoms by 31 January without flowering. The dicot weeds in 

lupin plots was almost entirely fathen (Chenopodium album) which re-established in the bare patches 

between the lupin plants. Grasses were Kentucky bluegrass, browntop and sweet vernal. 
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Figure 2.13 Yield of sown legumes and other species on 25 March 2014. Least significant differences (l.s.d.; 

P < 0.001) are shown for the effect of species of sown legume on total yield, total live yield and 
live yield of each sown legume species. 

 

Total sown legume yield 
Russell lupin was the highest yielding sown 

legume for the period of September 2013 to 25 

March 2014 (Figure 2.14). The re-invading 

resident grasses produced most of the other live 

DM. White and Caucasian clovers also produced 

a relatively large amount of dead material in late 

summer and autumn. The long growth periods 

preceding each of the December and March 

harvests/grazings for all but lucerne (mid-

October and late-January harvests as well) 

resulted in leaf senescence of the legumes and 

reproductive growth in the lupins and resident 

grasses. 
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Year 3 (July 2014-June 2015) 
Assessments consisted of photographs of plots, quadrat cuts and botanical separations on 18-19 

December 2014 and 23-24 March 2015 (Table 2.3). The whole paddock (2 ha) including this 

experiment, was grazed for two days in late March 2014 and again for two days on 20-22 November 

after the spring DM yield assessment. 

 

Table 2.3 Timeline of visits and yield harvests for Experiment 5, 2014-2015. 
 2014      2015  

Activity 28 Mar 25 Aug 04 Oct 31 Oct 19 Nov 27 Nov 31 Jan 23 Mar 

Photograph plots         

DM yield & 
legume fraction 

    DM yield  
Residual 

DM 
 

DM 
yield 

Soil sampling         

Grazing 
600 
ewes x 
2 days 

   
675 ewes 
x 3 days 

   

 

August-October 2014 
By the end of August resident grasses were developing fresh green shoots and the legumes except 

lotus and balansa were showing some new growth (Plate 2.5). Lupin and lucerne plant populations 

were low.  

By early October the sown legumes except lotus and balansa clover were growing well but plant 

populations were low. Lupin showed its typical clumped growth form producing large plants early in 

the season (Plate 2.6).  
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Plate 2.5 Late winter, 26 August 2014, showing the green tinge of new growth, mostly from the resident 

grasses. A lupin plot in the foreground shows only a few lupin clumps and litter from old stems. 
The upright dead stems are remnants of the last summer's fathen. The resident grasses 
dominate in the plots shown between the foreground and the truck. 

 

 
Plate 2.6 Showing same plot as Plate 2.5 above on 4 October 2015. Lupins are growing well and much 

taller than resident grasses (to the right). The circular quadrat is 0.5 m2. 

 

November 2014 
The mean spring live DM yield to 19 November was 3.63 t/ha (Figure 2.15). Only the sown legume 

species had significant effects on the yield and composition, with no effect of lime. Lupin was the 

most productive of the sown legumes at 3.24 t DM/ha (Figure 2.15; Plate 2.7). There was a 

correspondingly low amount of resident grass in the lupin treatments. The resident grass was most 
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prevalent in the Caucasian clover plot. Dead material consisted of a mixture or residual material from 

the previous year and some dead and dying early spring growth.  

 

 
Figure 2.15 DM yield of sown legumes and other species harvested on 19 November 2014, two years after 

sowing in December 2013 at Glenmore. Least significant differences (l.s.d.) are shown for the 
significant yield responses to the species of legume sown. 

 

 
Plate 2.7  Showing same plot as Plate 2.6 above on 19 Nov 2014. Lupins dominate and are in the mid 

phase of flowering. Bare ground and resident grasses occupy much of the space between lupins. 
Resident grasses also dominate in the border between lupin plots to the left and in the 
Caucasian plot (to the right).  
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The residual DM (2.81 t DM/ha) after grazing (Figure 2.16) was mostly the relatively unpalatable 

resident grasses most of which were in the reproductive phase (Plate 2.8). The total live DM 

disappearance (assumed eaten) consisted of lupins mainly and the other sown and volunteer 

legumes where present (Figure 2.17). Any growth between the pre- and post-graze assessments 

would mask the real value of DM disappearance.  

 

Figure 2.16 Residual DM of sown legumes and other species harvested on 27 November 2015 after grazing. 
Least significant differences (l.s.d.) are shown for the significant effect of the sown legume. 

 

 
Plate 2.8 View of same lupin plot as shown in Plates 2.6 & 2.7. Photo taken 27 November 2015, 5 days 

after grazing. Lupins have been well grazed but the resident grasses mostly ignored.   
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Figure 2.17 DM disappearance (t/ha) 
recorded after grazing in 
November. Negative values 
may indicate some 
ungrazed regrowth 
between pre- and post-
graze assessments.  

 

 

December-February 
There was only 28% of the normal rainfall for this period (see Figure 1.1). There was a short period 

of growth in early December following the grazing but by January only Lupin was relatively green 

(Plate 2.9).  

 

 

Plate 2.9 View of same lupin plot (left of white peg) as shown in Plate 2.8 above. Photo taken 31 January 
2015. Lupins are the green clumps. The plot on right of the photo is a Caucasian clover plot but 
dominated by the desiccated seed stalks of the resident grasses.  

 

sown legume other legume grass

Russell lupin 2.78 0.01 0.75

Caucasian clover 0.67 0.16 0.74
White clover 0.45 0.19 0.26

Lucerne 0.43 0.16 0.29

Balansa clover 0.11 0.39 0.22

Lotus 0.12 0.26 -0.25
l.s.d. (0.05) 0.68 ns ns

Grazing removal (t DM/ha)
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March 2015 
Rain (36 mm) in March prior to yield assessment on 23 March allowed the pastures to freshen up but 

little growth. The overall mean DM yield was 1.31 t/ha but 1.03 t/ha (78%) was dead material. There 

was no lime response. There was a yield response to the sown legume, e.g., lupin at 0.12 t DM/ha 

was 10x more than white clover or lucerne. There was no DM yield recorded for the other sown 

legumes. Grass yield (0.22 t DM/ha) was variable and did not show a significant response to 

treatments. The amount of dead material was lowest for lupin (P < 0.001) 36% of which was lupin 

dead stalks. Grass made up the bulk of the dead material (Figure 2.18).  

 

 
Figure 2.18 Dry matter yield of sown legumes and other species at 23 March 2015. Least significant 

differences (l.s.d.) are shown for the significant yield responses to the sown legume. 

 

 
Plate 2.10 Lupin plots (Rep 3) to left of centre, 23rd of March 2015.   
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Soil chemical responses to lime  
 

2011 
The initial soil test results in 2011 confirmed toxic levels of aluminium and low pH, in different soil 

horizons including the top-soil (Table 2.4). 

 

Table 2.4 Soil pH and exchangeable Al from auger samples to different soil depth, at Glenmore station on 
the western side of Lake Tekapo, Mackenzie Basin. Auger (0.2 m) sampling was done from 0-1 
m, in November 2011 prior to the start of the field experiments.  

Sample depth (m) Soil pH Exchangeable Al* (mg/kg) 
0-0.2 4.9 7.4 
0.2-0.4 5.1 7.1 
0.4-0.6 5.1 8.9 
0.6-0.8 5.3 9.7 
0.8-1.0 5.3 8.0 

*CaCl2 extractable 

 

2012 
Experiment 5 was soil sampled in December 2012 by taking 60 soil cores of 25 mm diameter per lime 

rate. These cores were then bulked across replicates for 0 – 7.5 cm and 7.5 – 15 cm horizons (Table 

2.5). 

 

Table 2.5 Soil test results for bulked 25 mm diameter core samples taken from Experiment 5 at Glenmore 
Station in December 2012. 

Lime 
(t/ha) 

Soil depth 
(cm) pH 

Olsen P 
(mg/L) 

Sulphate 
S (mg/kg) 

Exch Ca 
(QTU) 

Exch Mg 
(QTU) 

Exch K 
(QTU) 

Exch Na 
(QTU) 

Exch Al 
(mg/kg) 

0 0-7.5 5.2 14 33 6 18 9 2 3.6 
7.5-15 5.2 7 16 5 13 7 4 5.7 

0.5 0-7.5 5.1 14 41 6 16 8 3 2.3 
7.5-15 5.3 - - - - - - 3.1 

1 0-7.5 5.2 20 25 7 17 8 3 2.4 
7.5-15 5.2 - - - - - - 3.7 

2 0-7.5 5.2 24 22 6 16 7 4 3.7 
7.5-15 5.2 - - - - - - 7.3 

4 0-7.5 5.7 21 39 10 17 7 5 1.1 
7.5-15 5.2 - - - - - - 4.5 

 

• Only the application of 4 t/ha of lime elevated the pH of the soil surface (0-7.5 cm) from 5.3 
to 5.7 and decreased Al levels to 1.1 mg/kg. 

• The application of lime increased Olsen P levels. 
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The soil pH was unaffected by lime rates, except in the surface (0-75 mm) when 4 t/ha of lime was 

applied. The 4 t/ha of lime application increased the soil pH from 5.2 to 5.7 (Figure 2.19). The soil pH 

was unaffected by lime rates in 75-150 mm depth, and remained at 5.1. The Al content followed 

similar patterns in 0-75 mm and 75-150 mm of the soil depth. The Al levels were highly variable in 

similar pH of the soil especially in 0 to 2 t/ha of applied lime plots, regardless of the applied lime 

rates. However, the Al content was decreased to 1.5 mg/kg in the 0-75 mm of soil depth, by the 4 

t/ha lime application (Figure 2.19). 

 

 
Figure 2.19 Soil pH and exchangeable Al (mg/kg) in response to lime application. Lime rates (0, 0.5,1,2 and 

4 t/ha lime) were applied on 02/05/2012. Soil samples were taken (0-75 mm and 75-150 mm of 
soil depth) by 2.5 cm diameter corers in December 2012.  

 

The availability of phosphorus (mg/L) in 0-75 mm of soil depth, was affected (P < 0.01) by lime rates. 

Soil test results of different lime rates showed that the Olsen P levels were associated (Figure 2.20, 

R2 = 0.69) with lime rates. An Olsen P of 14 mg/L was measured in the control and this increased to 

20 mg/L with 1.0 t/ha of surface applied lime, and up to a maximum of 24 mg/L with the 2 t/ha of 

applied lime (Figure 2.20).  

28 
 



 

Figure 2.20 Olsen P (mg/L) response to surface applied lime rates (0-75 mm of soil depth) at Glenmore 
station. Lime rates (0, 0.5, 1, 2, and 4 t/ha) were applied on 02/05/2012. Error bar indicates the 
standard error of the mean (SEM = 2.7). 

 

2014 
The effect of liming on soil properties was more obvious in November 2014 (Table 2.6), compared 

with the previous soil test results for December 2012 (Table 2.5, Figure 2.19). Lime application 

increased (P˂0.001) the pH of the top-soil (0-75 mm), from 4.9 in the control to 5.3 with 2 t/ha lime, 

and to 5.6 with 4 t/ha lime (Figure 2.21), 18 months after lime application. Exchangeable Al of the 

top-soil (0-75mm) decreased (P˂0.001) from 8.1 mg/kg in the control to 2.2 mg/kg with 2 t/ha lime, 

and to 1.7 mg/kg soil with 4 t/ha lime. Neither the soil pH nor the Al content at 150-300 mm were 

affected (P = 0.78 and 0.83 respectively) by liming. The soil pH was ~5.1 and the Exchangeable Al was 

7-8 mg/kg in this soil horizon (Figure 2.21).  

The availability of phosphorus (mg/L) in 0-75 mm of soil depth, was affected (P < 0.01) by lime rates 

in November 2014. An Olsen P of 16 mg/L was measured in the control and this increased to 24 mg/L 

with 1.0 t/ha of surface applied lime (Table 2.6). P level was slightly decreased to 22 mg/L with the 4 

t/ha of applied lime. Olsen P was ~10 mg/L in 75-150 mm of soil depth and unaffected by lime. 

  

29 
 



Table 2.6 Soil properties of Experiment 5 at Glenmore station. Samples were taken from 0-75 mm of soil 
by 2.5 cm diameter corers in November 2014. Lime rates were applied on 02/05/2012.  

Lime  
pH 

Exch. Al Olsen P K Ca Mg Na CEC Avail. N* AM. N** 
t/ha mg/kg mg/L                        me/100g kg/ha μg/g 
0 4.9 8.1 16 0.56 6.7 1.1 0.05 18 181 192 
0.5 5 6.5 16 0.58 5.8 0.9 <0.5 23 - - 
1 5 5.1 24 0.62 8.1 1.1 0.05 29 - - 
2 5.3 2.2 22 0.76 10.5 1.3 0.05 29 - - 
4 5.6 1.7 22 0.74 14.2 1.2 0.06 31 187 213 
Opt. 6.0 <3 20-30 0.4 - 0.6 4 -10 1-1.6 0.2- 0.5 12-25 150- 250  

*Available N, ** Anaerobically Mineralisable N. 
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Figure 2.21 Soil pH and exchangeable Al (mg/kg) in response to lime in Experiment 5. Lime rates (0, 0.5,1,2 

and 4 t/ha lime) were applied on 02/05/2012. Soil samples were taken in November 2014. Error 
bars indicate least significant differences of means (LSD(0.05)).  

 

Nodulation assessment 
 

2013 

Nodulation assessment for lucerne, Caucasian clover and Russell lupin in the establishment phase 

The percentage of nodulated plants differed (P < 0.01) amongst sown legume species, 86 days after 

sowing. Russell lupin had 94% nodulated plants which was higher than Caucasian clover (67%) and 

lucerne (49%). The percentage of nodulated plants for sown legumes was also affected (P < 0.01) by 

lime treatment, and increased from 59% in the control (0 lime), to 84% in the 4 t/ha of applied lime 

(Figure 2.22a). However, Russell lupin showed a relatively constant percentage of 90-96% of 
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nodulated plants compared with lucerne and Caucasian clover. The mean number of nodules per 

plant differed (P < 0.05) amongst sown species. Russell lupin with 13 nodules, had the highest number 

of nodules per plant compared with four and two nodules per plant for Caucasian clover and lucerne, 

respectively (Figure 2.22b).  

 

 
Figure 2.22 Percentage of the nodulated plants in response to lime rates (a) for lucerne, Caucasian clover 

and Russell lupin 86 days after sowing. Error bar indicates the standard error of the mean for 
species X lime rate (SEMSpecies X Lime = 8.44), LSD5% = 25, and mean number of nodules per plant 
(b) for the sown legume species, 86 days after sowing at Glenmore station. Error bar indicates 
the standard error of the mean for the sown legumes (SEM = 1.6), LSD5% = 6.3. 

 

2014 
Nodulation of all sown species in Experiment 5 was assessed in November 2014. All excavated plants 

of sown species had >10 nodules/plant, except for lucerne (Table 2.7). Caucasian clover and lucerne 

nodulation were improved by lime application.   

 

Table 2.7 Nodulation assessment (number of nodules per plant) of sown legumes excavated on 
19/11/2014 from Experiment 5 at Glenmore station.  

Lime rate (t/ha) Lucerne Caucasian clover White clover R. Lupin Lotus 
0 0 >10 >10 >20 >10 
0.5 <10 >20 >10 >20 >10 
1 0 >20 >10 >20 >10 
2 >10 >20 >10 >20 >10 
4 <10 >20 >10 >20 >20 
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Conclusions – Experiment 5 
 

• All legumes initially established adequate populations of plants to form a dense sward of 
pure legume of at least 50% cover- except for white and Caucasian clovers. The slow 
establishing Caucasian clover was the least competitive at establishment but roots have 
developed and penetrated into the low pH soil to a greater depth than all other legumes. 

• The most consistent and highest shoot yields were produced by perennial lupins. In spring of 
each year 4-7 t/ha of lupin was available for grazing, regardless of lime rate.  

• Over time the lucerne yield decreased due to a deformed root system and lack of nodulation. 
In contrast Caucasian clover yield increased over time to be the second most successful 
legume established. 

• Balansa clover failed to regenerate after a heavy seeding in year one. Lotus pedunculatus did 
not recover to any substantial degree after grazing. The combined results suggest water 
logging was not the cause of poor legume growth at this site. 

• Grazing the trial block with a large number of animals over a short period of time in spring 
highlighted the unpalatable nature of the resident grasses. Ensuring these are well controlled 
before establishment is important for successful establishment of all sown legumes. 
Perennial legumes were consumed at 60-80% utilization. 

• The contrast annual rainfall over time the experimental period highlight the ability of lupin 
to respond to summer rainfall and persist through the drought in 2014/15.   

• Minimum of 2 t/ha lime was needed to elevate the top-soil pH and decrease aluminium to a 
potentially safe level. However, the beneficial effect of lime on soil properties was only 
detectable two years after the lime was applied. In high Al levels, if surface applied lime is 
the only option, Russell lupin and Caucasian clover would be recommended ahead of lucerne. 

• The addition of over 1.0 t/ha of lime released >5 mg P/L. This suggests a history of 
superphosphate application on site that has previously been unavailable to plants due to it 
forming a complex with aluminium. The addition of lime has displaced the P which means 
ongoing P application is not immediately necessary as the area is developed. 

• After four years the 2 and 4 t/ha of surface applied lime had only reduced Al to potentially 
safe levels (<3 mg/kg) in the top 7.5 cm. There was no evidence of a change in pH or soil Al 
levels below 7.5 cm. 

• Perennial lupins showed a high number of nodules and percentage of nodulated plants on all 
sampling dates. In contrast, the percentage of nodulated Caucasian clover and lucerne plants 
increased with lime. Lucerne nodule number per plant was the most sensitive to application 
of lime. 
 
 

Based on these results three PhD studies have commenced; 
 

1. Katherine Wigley – molecular studies of lucerne and white clover nodulation in high 
aluminium soils. 

2. Daniel Martin-Hendry – deep placement of lime to allow lucerne establishment at 
Glenmore. 

3. Amy Whitley – soil aluminium and pH relationships. 
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3. Experiment 6 – Production and persistence of two perennial lupin 
types in response to sowing rate and lime 

 

Aims of the study 
1 To generate guidelines for perennial lupin agronomy including sowing rate and companion 

species (cocksfoot). 
2 To investigate the effect of lime on persistence and yield of these pasture species. 

 

Site preparation 
Experiment 6 was sown in December 2012 into a 30 x 90 m block where the existing vegetation of 

resident grasses, broadleaf weed and annual legumes had been sprayed with glyphosate herbicide 

(3.6 kg a.i./ha) in March 2012, then burnt in April. Lime at 3 t/ha was applied on 17 May to half of the 

area (15 × 90 m), the other half received no lime (Nil). However, the no lime area had been fallowed 

since glyphosate application in late October 2011 and again in November 2011 and unsuccessfully 

sown with strips of lupin, lucerne and Caucasian clover. This area was then fallowed through winter 

and spring before a glyphosate application of 1.44 kg a.i./ha on 4 December 2012 to the whole 30 x 

90 m just prior to drilling on 11 December 2012. The experiment was sown using a “Flexiseeder” 

precision plot drill fitted with tine coulters. Fertiliser (100 kg/ha Cropmaster 20; N:P:K:S, 

19.3:10:0:12.5) was applied simultaneously via the drill’s coulters from a separate fertiliser box. No 

additional fertiliser was applied during the experiment. 

 

Experimental design 
The 3 t/ha lime and zero lime formed the main plots across three 30 x 30 m replicate blocks. Each 

block was divided into six subplots of 4.2 × 30 m, traversing the full 30 m width of the lime and no 

lime strips. Within these, the lupin sowing rate (LSR) was 2, 4, 8, 12, 16 or 32 kg/ha along with 2 kg/ha 

of ‘Vision’ cocksfoot (Dactylis glomerata). Each subplot was also split along its length to form 2.1 × 

30 m sub-sub-plots (one 2.1 m drill width of either blue or Russell lupin plus an unsown border). A 

split split-plot analysis of variance consisting of blocks (3), main-plots (± lime), sub-plots (LSR = 6) and 

sub sub-plot (type = 2) was used to assess the statistical significance of the applied treatments. The 

design was fully randomised at the sub-plot and sub-sub-plot levels but not at the main plot (lime) 

level. Therefore T-tests were used to compare lime effects in the first year but a full split split-plot 

analysis was applied to subsequent data with the proviso that lime effects may be confounded with 

other site factors, namely the fallow and extra application of herbicide for the no lime area. 
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Results 
Year 1- Establishment (Dec 2012- June 2013) 
Rolling the plots after sowing had no effect (P = 0.393) on the population of emerged seedlings 

measured at six weeks after sowing. Also there was no difference in plant population (P = 0.78) or 

percentage emergence (P = 0.66) between the 3 t/ha and Nil lime treatments. 

 

Plant population was directly related to the sowing rate by a factor of 0.39 for blue lupin (R2 = 0.99) 

and 0.34 for Russell lupin (R2 = 0.95) (Figure 3.1). Sowing rate affected plant population for both lime 

rate experiments (P < 0.001; l.s.d. = 5.91 & 9.35 plants/m2 for the no lime and 3 t/ha lime, 

respectively). There was also a lupin effect (P = 0.009; l.s.d. = 2.24 plants/m2) with the no lime. The 

percentage emergence of sown seed appeared higher (P = 0.057) for blue lupin (47% vs. 35%) with 3 

t/ha lime which may have reflected its slightly higher germination (65% vs. 55%), but there was no 

difference with no lime. There was no effect of sowing rate on the percentage emergence although 

it was difficult at times to distinguish between multiple stems or multiple seedlings. 

Variation in plant distribution was illustrated using the coefficient of variation (CV) of the within plot 

count of plants per 0.5 m of drill row (n = 16) for the combined lime and no lime (Figure 3.2). Overall, 

the CV was larger than 40%. This indicated there was a large variation in the number of seedlings in 

any given 0.5 m of drill row. At low sowing rates hence, low plant population, the CV rose to over 

250%. This confirmed that there were significant sections of drill row without any plants.  

 

 
Figure 3.1 Blue and Russell lupin plant density and percentage emergence at Glenmore on 24 January 

2013, six weeks after sowing on 11 December 2012. The % emergence is the mean across all 
sowing rates because there was no significant effect of the sowing rate on % emergence. 
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Figure 3.2 Spatial variation of lupin seedlings at Glenmore, six weeks after sowing on 11 December, 2012. 

The coefficient of variation is a measure of the variability of the number of seedlings counted 
per 0.5 m of drill row. Results are combined across the no lime and 3 t/ha lime applications 
because a t-test showed no effect of the lime on plant density at this stage. 

 

March 2013 
Plant population and DM yield were measured on 7 March 2013. The lime effect was compared using 

a t-test (Table 3.1). There were no overall effects of the lime on the lupin establishment or yield. 

There was more bare ground cover with no lime. Other species were more prevalent with the 3 t/ha 

lime. The no lime area had been fallowed and received two herbicide applications during the previous 

year which reduced resident species to a minimum, and may have confounded the lime effect. 

 

Table 3.1 Summary of the effects of lime on the cover and yield of lupin in Experiment 6 on 7 March 2013 
using a two-sample t-test. 

  DM yield (t/ha)   %Cover   Establishment 

  Total Lupin Other  Lupin Other Bare   Plants 
per m2 

Percent of 
sown seed 

3 t/ha lime 2.97 2.12 0.85   51.1 22.3 26.6   20.1 57.1 

No lime 2.44 2.14 0.30   49.6 7.3 43.3   19.6 51.1 
                      
Sign. (P) n.s. n.s. <0.001   n.s. <0.001 0.003   n.s. n.s. 

s.e.d.     81.5     1.9 5.4       

 
As expected, the sowing rate of the lupin affected (P < 0.001) plant population, plant cover and DM 

yield of lupin but had only a small effect on the resident species re-establishing (Table 3.2) at this 

stage. 
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Table 3.2 Summary of analysis of variance for the yield, relative ground cover and lupin plant population 
as affected by the sowing rate and type of lupin where no lime  and 3 t/ha of lime were applied 
the previous autumn. 

  DM yield (t/ha)   Cover (%)   Establishment 

±Lime and 
treatment 

factor Total Lupin Other  Lupin Other Bare  
Plants 
per m2 

Percent 
of sown 

seed 
No lime                     

Sow rate <0.001 <0.001 n.s.   <0.001 n.s. <0.001   <0.001 n.s. 
Lupin type n.s. n.s. n.s.   0.002 n.s. 0.009   n.s. n.s. 
Interaction n.s. n.s. n.s.   0.018 0.047 n.s.   n.s. n.s. 

l.s.d. (SR) 0.83 0.66     18   21.3   7   
l.s.d. (L)         3.1   3.7       

l.s.d. (SRxL)         18.4 12.5         

3 t/ha lime                     
Sow rate <0.001 <0.001 n.s   <0.001 0.022 <0.001   <0.001 <0.001 

Lupin type n.s. n.s. <0.001   0.001 0.003 n.s.   0.009 n.s. 
Interaction n.s. n.s. n.s.   n.s. n.s. n.s.   0.029 n.s. 

l.s.d. (SR) 0.86 0.68     13.2 12.1 11.4   6.3   
l.s.d. (L)     0.59   2.8 2.4     3.2   

l.s.d. (SRxL)                 8   

 

Figure 3.3 shows the main effect of the lupin sowing rate on the plant population for both nil and 3 

t/ha lime applications. There was a trend with no lime for the Russell lupin to have a lower population 

than the blue lupin but the analysis of variance showed this was not significant (P = 0.137). The 

interaction of lupin type x sowing rate (P = 0.029; l.s.d. = 8.0) with 3 t/ha lime appears to be more the 

result of the site variability within reps. A cofactor such as depth to stones might help to explain some 

of the large variances. For both lime rates, 8 kg/ha of lupin seed drilled directly into sprayed resident 

vegetation has given adequate plant populations. 

 

Lupins dominated the ground cover at sowing rates above 8 kg/ha (P<0.001; l.s.d.=18% for no lime 

and 13% for 3 t/ha lime)(Figure 3.4). Blue lupin provided slightly more cover than Russell lupin. The 

mean lupin cover with 3 t/ha lime across all sowing rates was 23.3% for blue lupin and 18.6% for 

Russell lupin (P=0.001; l.s.d. = 2.8%). For the no lime treatment the significant interaction showed 

that blue lupin had higher cover for 12 and 16 kg seed/ha only (P = 0.018; l.s.d. = 7.5% when 

comparing the % lupin cover within the same sowing rate). This subtle difference between the two 

lupin varieties was probably due to the slightly higher germination and emergence of the blue lupin 

rather than any growth rate differences.  
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Figure 3.3 Lupin plant population in response to lime and sowing rate on 7 March 2013, three months after 

sowing at Glenmore Station. 

 

 
Figure 3.4 Lupin, other species and bare ground cover for blue and Russell lupin measured on 7 March 

2013, sown at five rates at Glenmore Station in December 2012. The Nil or 3 t/ha lime 
treatments had been applied in autumn 2012. 

 
The lupin DM yield increased with increasing sowing rates (P < 0.001; l.s.d. = 0.66 and 0.68 t DM/ha 

for the nil lime and 3 t/ha lime, respectively; Figure 3.5). A regression of lupin DM yield vs. the 

logarithm of sowing rate (y = 1.293*ln(x) – 0.48; R² = 0.87) did not improve the relationship over a 

linear regression (y = 0.117x + 0.87; R² = 0.86). 
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Figure 3.5 Lupin DM yield in response to lime application and sowing rate, on 7 March 2013, three month 

after sowing at Glenmore Station. 

 
The DM yield of other species was greatest with Russell lupin and 3 t/ha lime (P<  0.001; l.s.d. = 0.105 

t DM/ha; Figure 3.6). Other species (in descending order of occurrence overall) were: Kentucky 

bluegrass, fathen, browntop, sweet vernal, striated clover, sorrel, suckling clover, white clover, 

haresfoot trefoil, and small plants of cocksfoot which were sown with the lupin seed. With 3 t/ha 

lime other species tended to have a greater dominance of grass. With no lime there was a tendency 

towards more of the adventive legumes. Rep 3 was mostly on thinner soil and had the greatest 

prevalence of clovers, especially striated clover. 

 

 
Figure 3.6 Lupin DM yield in response to lime and the type of lupin sown, on 7 March 2013, three month 

after sowing. 

 
The data above indicate that there was little difference between Russell and blue lupin during the 

establishment phase. The data also indicate that lupin did not respond to the lime. However, the no 

lime plots had received four applications of glyphosate herbicide (October 2011, November 2011, 

March 2012 and December 2013, just prior to sowing). The area had also been planted with legumes 
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the previous year which did not survive, hence were removed by herbicide and burning in March 

2012. The 3 t/ha lime main plots, although adjacent to the nil lime, had only received two herbicide 

application in March and December 2012. The rejuvenation of the resident species with the 3 t/ha 

lime does not appear to have affected the lupin although it could be argued that the 3 t/ha lime 

compensated for or masked any detrimental effect that may have been caused by the greater 

abundance of other species.  

 

April 2013 
Plant and bare-ground cover were assessed on 18 April 2013. A 4.0 x 1.16 m strip was mechanically 

harvested near the centre of each plot. Herbage was weighed fresh and subsamples taken for 

separation into lupin, cocksfoot and other species. Table 3.3 summarizes the lime effects. Sown lupin 

dominated the ground cover in all but the 2 and 4 kg/ha sowing rates (Figure 3.7). The blue lupin was 

more dominant than the Russell lupin. A significant sowing rate x lupin interaction in the nil lime 

indicated that blue lupin had greater cover than Russell lupin in the mid-range of sowing rates. The 

cover of sown cocksfoot was generally low. Cocksfoot seed (2 kg/ha) was sown with the lupin seed 

but the low cocksfoot cover was due more to the low plant population rather than lack of vigour. 

Bare ground was more prevalent with no lime and other species more prevalent with 3 t/ha lime.  

 

Table 3.3 Summary or analysis of variance for the effect of sowing rate and lupin type on the percentage 
ground cover and DM yields. There were no significant effects. 

  % cover   DM yield (t/ha)* 
±Lime and 
treatment factor %Lupin %Cocksfoot %Other %Bare  Total Lupin 
No lime               

Sow rate <0.001 n.s. n.s. 0.017   <0.001 <0.001 

Lupin type 0.001 0.026 n.s. <0.001   n.s. n.s. 

Interaction 0.05 n.s n.s. 0.041   n.s. n.s. 

l.s.d. (SR) 18.8    30.8   1.82 1.61 
l.s.d. (L) 4.1 1.38   3.8       

l.s.d. (SRxL) 17.6     31.1       
3 t/ha lime               

Sow rate <0.001 n.s. <0.001 <0.001   <0.001 <0.001 

Lupin type 0.017 n.s. 0.033 n.s.   n.s. n.s. 

Interaction n.s. n.s. n.s. n.s.   n.s. n.s. 

l.s.d. (SR) 17.2   15.3 7.7   0.49 0.70 
l.s.d. (L) 2   4.2         

* There were no significant effect of treatments for either cocksfoot or other species DM yield 
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Figure 3.7 Relative ground cover of lupin, cocksfoot, other species and bare ground for different lime, lupin 

species and sowing rate treatments on 18 April 2013, three months after sowing at Glenmore 
Station. 

 
Lupin dominated the DM yield across all sowing rates with both nil and 3 t/ha lime (Figure 3.8). The 

very low DM yields for cocksfoot and other species, compared with the ground cover values, was 

mostly due to their low growing stature and inability of the reciprocating-bar mower to harvest this 

component of the pasture adequately. It is expected that cocksfoot ground cover will increase over 

time. 

 

 
Figure 3.8 Dry matter yield of lupin, cocksfoot and other species for different lime rates and lupin sowing 

rates on 18 April 2013, three months after sowing at Glenmore Station. 
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Conclusions for perennial lupin sowing rates. 
• Lupin dominance as measured by plant cover and DM yield was directly proportional to the 

amount of seed sown.  

• There was little difference between the blue and Russell lupin other than the slightly higher blue 

lupin germination rate and consequent plant population, cover and yield. 

• There appeared to be little direct influence of the applied lime on lupin yield. 

• The amount of rejuvenating resident species was probably a function of the number and 

effectiveness of pre-sowing herbicide applications. 

• Early establishment of a closed canopy by the lupin is an important step in controlling the re-

establishment of the resident vegetation. Otherwise subsequent grazing management must 

allow the lupin to produce seed, open up the canopy for seedlings and allow sufficient time for 

seedlings to fully establish. 

• At the establishment phase of lupin, control of competing vegetation by pre-planting herbicide 

or high rates of seed application, or both, provided a better return than lime application. 
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Year 2 (July 2013-July 2014) 
 
A manuscript has been published by NZGA covering the experiment to the end of March 2014 (Moot 

& Pollock 2014). 

 

 

 
Plate 3.1 Early spring growth of lupin (and cocksfoot) in Experiment 6 at Glenmore, 1 October 2013. In 

the centre plot Russell lupin is on the left and blue lupin on the right, both sown at 12 kg/ha in 
December 2012. 
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Year 3 (July 2014- June2015) 
 
Assessments consisted of photographs of plots at various stages, and quadrat cuts and botanical 

separations on 18-19 December 2014 and 23-24 March 2015 (Table 3.4). The whole paddock (2 ha) 

including this experiment was grazed for two days in late March 2014 and again for two days on 20-

22 November after the spring DM yield assessment. 

 

Table 3.4 Timeline of visits and yield harvests for Experiment 6, 2014-2015. 

 2014      2015  

Activity 28 Mar 25 Aug 04 Oct 31 Oct 19 Nov 27 Nov 31 Jan 23 Mar 

Photograph plots         

DM yield & 
legume fraction     

DM & 
plant 

counts 

Residual 
DM  DM yield 

Soil sampling         

Grazing 600 ewes 
x 2 days    675 ewes 

x 3 days    

 

 

Plant population 
Lupin populations averaged 4.1 plants/m2 in November 2012. There was a significant lupin x sowing 

rate interaction with blue lupin reaching its maximum population by 8-16 kg seed/ha (Figure 3.9) and 

cocksfoot showing little response to the sowing rate of blue lupin and a varied response to the sowing 

rate of Russell lupin. 

 
Figure 3.9 Plant populations for lupins and cocksfoot on 19 November 2015 at Glenmore in response to 

the 6 sowing rates.  
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Annual yield for the 2014-15 season 
By the end of August there was only a tinge of green on the plots (Plate 3.2). Growth was progressing 

well by early October (Plate 3.3). There were still obvious areas of bare ground and other low growing 

species amongst the clumps of cocksfoot and lupin. Growth continued well into November then the 

dry summer severely limited growth after the November yield assessment.  

The total annual DM yield was 6.57 and 5.81 t/ha for plots sown with blue and Russell lupin 

respectively (Figure 3.10). There were no significant treatment effects on March DM yield although 

there was a greater presence of dead flowering stems of the resident grasses (Plate 3.4). The majority 

of growth occurred during the spring period prior to 19 November, 2014. The lupin and cocksfoot 

comprised most of the yield with blue lupin being more prominent than the Russell lupin (Figure 

3.11). Lupin and cocksfoot dominated the spring growth (Figure 3.12) and the autumn regrowth what 

little there was. Figure 3.10 also shows that live material at March contributed little to the total March 

DM, e.g., 0.17 vs. 0.92 t DM/ha.  

The percent ground cover of the lupin at the spring harvest was influenced by the interaction 

(P = 0.033) of all three factors, e.g., lime, sowing rate and lupin type (Figure 3.12). Blue lupin cover 

increased with sowing rate. Russell lupin showed less response particularly at 3 t/ha lime. 

For the November DM yield blue lupin yield increased with moderate sowing rates and no lime, e.g., 

5.9 t/ha with no lime and 8 kg/ha sowing rate (Figure 3.13). Russell lupin’s response to the sowing 

rate was more variable but showed a similar DM yield with no lime and the 8 kg/ha sowing rate. The 

inclusion of the other pasture components showed no significant responses to treatments but 

cocksfoot was beginning to dominate other resident grasses despite the latter’s cover dominance. 

For both blue and Russell lupin the nil lime was supporting higher lupin yields, either because of the 

extra herbicide control of resident species prior to establishment, or their response to the 3 t/ha of 

applied lime. 
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Plate 3.2 Late winter, 26 August 2014 showing the early growth of the cocksfoot clumps, the start of lupin 

regrowth, a tinge of green of resident grasses and extensive bare ground and litter. 

 
Plate 3.3 Mid spring lupin and cocksfoot growth on 4th of October 2014, sown at 8 kg/ha lupin seed and 

2 kg/ha cocksfoot on 5 December 2012.   
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Plate 3.4 23 March 2015. Note the heavier cover of resident grass tag with 3 t/ha lime (left of centre) and 

less tag with the Nil lime (right of centre). Note the generally low population. There was a small 
amount growth, just enough to hide the dead leaves and stems of the cocksfoot clumps, since 
the last grazing on 22 November 2014 and four months of dry conditions. 

 

 

 

 

 

 

  

Figure 3.10 November and March contributions to 
the annual live DM of all species and 
total DM (includes dead material as 
well) in response to the sown lupin 
type. Least significant difference (l.s.d.; 
P = 0.05) are shown for each live and 
total DM values 

Figure 3.11 Composition and yield of the spring 
growth to 19 November 2014. Least 
significant difference (l.s.d.; P = 0.05) are 
shown for each total of live DM values only 
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Figure 3.12 Ground cover of the pasture components on 19 November, 2014. There was a 3-way factor 

interaction effect on the lupin cover (l.s.d.(0.05) = 20.29). Cocksfoot responded to lime (P = 0.039) 
and to the lupin type x lupin sowing rate interaction (P = 0.003). Other grass had negative 
response to the lupin sowing rates (P = 0.004). Broadleaf weeds were more prevalent at the low 
lupin sowing rates at no lime (P = 0.046 for lime x sowing rate interaction). The bare ground was 
slightly greater for the Russell vs. blue lupin (31.3 vs. 23.1%, respectively, P < 0.01). 

 

 
Figure 3.13 DM yield of the pasture components on 19 November, 2014. Only lupin yields responded to any 

of the treatments, namely the lime rate x lupin sowing rate and the lupin type x sowing rate (P 
< 0.001 and P = 0.047, respectively). The other pasture components are included for comparison 
with the % cover in Figure 3.4 but note that ‘other’ includes all dicots including other clovers. 

 

The total residual DM measured on 27 November 2014 (5 days after grazing) indicated that the lupin 

residual and the other dicot residual were related to all three treatments (P = 0.36, P = 0.009 and P = 

0.01 for the 3-way interaction)(Figure 3.14). Comparison with Figure 3.13 above shows that most of 
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the cocksfoot disappeared. The lupin residual DM was mostly flower stalks, older leaves at the base 

and trampling damage but not yet recorded as dead. 

 

 
Figure 3.14 DM yield of the residual pasture components on 27 November, 2014. There was a 3-way 

interaction of the treatment factors for each of the total yield, the lupin component and the 
other dicot responses (l.s.d.0.05 = 11.47, 0.98 and .32, respectively). 

 
The DM disappearance fraction of the total yield, or apparent utilization fraction, was 52% with no 

significant effects of treatment. However, it is seen in Figure 3.15 that the cocksfoot and lupin have 

been targeted (assumed eaten) by the sheep while leaving the dead and other resident species. The 

negative dead values (mostly dead material) indicate that the yield sampling included more of these 

latter components because of closer cutting and increase of dead material from trampling, during 

the grazing event.  

 

 
Figure 3.15 Dry matter disappearance estimated from residual DM recorded at 27 November 2015, 5 days 

after grazing by merino ewes. Negative values indicate more residual DM recorded than was 
present at the DM yield assessment on 19 November. [N.B. no stats for this, yet] 
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Conclusions 
Year 3 results confirmed many of the discussion points presented in Moot and Pollock (2014). 

 
• Blue lupin has shown greater persistence than the Russell lupin. The mean blue lupin 

population at March 2014 (Year 2) vs. November 2014 (Year3), at sowing rates of 8-16 kg/ha, 
declined from 9.1 to 5.2 plants/m2 cf. 6.9 to 3.8 plants/m2 for Russell lupin. This was reflected in 
the spring yield being about half the previous year. Also the spring yield assessment was two 
weeks earlier than the Year 2 spring assessment and November 2014 was cooler than 
November 2013. This decline in lupin population was reflected in the increase in the bare 
ground cover from under 10% in December 2013 to 23% in November 2014 for blue lupin plots 
and to 31% in Russell lupin plots. 

• The cocksfoot population in November Year 3 was 1.4 and 2.0 plants/m2 for blue and Russell 
lupin plots, respectively. These low values were mostly due to the low seedling establishment in 
Year 1. However these few plants were individually very productive and readily consumed by 
the sheep if grazed before or early in the reproductive phase, e.g., by mid-November. 
Reproductive stems were less mature in Year 3 and were grazed closer to the crown than in the 
previous spring. 

• Year 3 was the driest summer since sowing in December 2012. Growth had stopped by early 
December following a brief recovery period from grazing on 20-22 November 2014. The dry 
summer allowed for only limited growth and produced a surplus of dead material by the 
autumn assessment on 23 March 2015. There was extensive bare ground similar to the 40 – 
50% bare ground in March of the previous year. 

• Resident grass re-establishment was a problem especially where the original lupin sowing rate 
was less than 8 kg/ha. The extensive areas of bare ground increase the potential for continued 
invasion by the resident species and stress the need to get more cocksfoot established the 
latter achieved by better seed placement or sowing ryecorn crop for one or several years prior 
to lupin/cocksfoot sowing. Will Murray (Glenmore Station) has successfully sown a lupin, 
Caucasian and cocksfoot pasture on several paddocks after a one-year ryecorn phase. The most 
recent dry summer has proved to be very difficult though for establishment of any new pasture. 

• Site preparation had confounded the lime treatment. The nil lime had been established on a 
site that had received an extra herbicide treatment in October 2011, sown to legumes (lucerne, 
lupin and Caucasian clover) in November 2011 then abandoned and left fallow for a year before 
establishing the nil lime rate of the current experiment. This resulted in fewer resident species 
especially rhizomatous grasses with no lime at the lower lupin sowing rates. 
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4. Experiment 7 – Lucerne and lupin demonstration area 
 
Experimental design 
Experiment 7 was sown on the same date as Experiments 5 and 6 (11 December 2012). Lupin and 

lucerne were sown around the edges of Experiments 1, 3, 4, 5 and 6. These areas had been sprayed 

with glyphosate, followed by grazing, burning and 3 t/ha of lime applied in autumn 2012. Experiment 

7a was sown with 10 kg/ha lucerne and 2 kg/ha cocksfoot (Plate 4.1, top); Experiment 7b was sown 

in 12 kg/ha Russell lupin along the fence beside the Godley Peaks Road; and Experiment 7c onto an 

area of moderately deep vs. very shallow (stony) soil on the far right of the experimental area (Plate 

4.1, lower) was sown with 4 kg/ha Russell lupin and 2 kg/ha cocksfoot in the centre, and lucerne and 

cocksfoot around the perimeter. 

 

 

 
Plate 4.1 Glenmore experimental paddock (top) showing a strip of lupins growing nearest the Godley 

Peaks Rd (Experiment 7b), an area of lucerne and cocksfoot out-lined in yellow (Experiment 7a) 
and a second block of lupins on the right (Experiment 6). The lower photo shows the block of 
lupins and cocksfoot at the lower end of the paddock (Experiment 7c). 
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Results 
Year 1- Establishment (December 2012- June 2013) 
 
Plant emergence was slow until after 78 mm rain fell on 2-3 January 2013. Denis Fastier visited the 

Glenmore site on 7 January and wrote: 

“Definitely not worth an emergence count yet. There are random plants that have struck 

early, and the odd localised small area where plants are past the 2-leaf stage, but this is 

a very small percentage. The Russell lupins in the lime trial are showing some promise, a 

few up to an inch tall, but everything else is down on hands and knees, glasses on, and 

there are some very tiny 2-leafers, if you can find anything at all.” 

 

The 78 mm of rain had a huge beneficial effect. Seedling emergence proceeded at pace and there 

was no repeat of the difficulties of the previous year. By 24 January 2013 plant populations were 

similar to the same sowing rate in Experiments 5 and 6 above. By early February there was only a 

tinge of green but good growth ensued through the summer and early autumn, mostly reliant on the 

stored soil moisture at depth and adequate rainfall (a further 30 mm in January, 50 mm in February 

and 22 mm in March)(Plate 4.2). Measurements in April 2013 showed establishment was successful 

but very poor growth in dry stony soils at the bottom of Experiment 7c and the portion of lucerne, 

Experiment 7a next to the bottom fence (Table 4.1). 
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Plate 4.2 Experiment 7c, sown with lupin and cocksfoot in December 2012, on 1 February 2013 (top) and 

five weeks later on 7 March 2013 (above). Lucerne from part of Experiment 7a is visible on the 
left hand edge of the lower photo. 
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Table 4.1 Dry matter yield and plant population of the pastures in Experiments 7a, 7b and 7c in early April 
2013, four months after sowing. 

Experiment Description t/ha plants/m2 
7a-1 Lucerne - Near gate on deep soil 4.76 95.2 
7a-2 Lucerne/cocksfoot - east end of trial 2.78 35.7 
7a-3 Drought-stressed lucerne/CF - bottom 0.51 42.4 

7b Lupin - roadside 5.98 30.0 

7c-1 Unstressed lupin/CF - east end of trial 2.24 16.0 
7c-2 Drought-stressed lupin/CF - bottom 1.80 10.9 

 
 
Autumn grazing of Lupins, Year 1 
All plots were grazed in mid-June 2013. Beforehand, in mid-May, portions of Experiments 7b and 7c 

were fenced off and/or caged to exclude grazing of the lupins to see if there would be any detrimental 

effect of grazing lupin in their year of establishment. A sample of individual plants was also marked, 

measured and photographed to subsequently observe specific grazing effects and regrowth next 

spring. Small plants dominated the area of shallow, stony soil. They had an average of only five green 

leaves per plant and low plant weights (5 g), and were less than 6% of the weight of the larger lupin 

plants on the deeper soils nearby (Table 4.2). Although small, these plants were no longer ‘seedlings’ 

judging from the total number of leaves including dead leaves. 

 

 

Table 4.2 Mean measurements per plant from plants collected from the moist (deep) soil and dry shallow 
(stony) soil in Experiment 7c at Glenmore in May 2013 prior to grazing. Plant heights were 
measured as the longest vegetative leaf petiole on each plant. 

Soil 

Plant 
height 
(cm) 

No. of 
green 
leaves 

No. of 
dead 

leaves 

Green 
leaf 
DM 
(g) 

Dead 
leaf 
DM 
(g) 

Nodule 
score 
(max 
10) 

Shoot 
DM 
(g) 

Root 
DM 
(g) 

Crown 
DM (g) 

Root 
Shoot 
Ratio 

Deep 35.2 31 21.7 19.8 10.1 5.8 41.7 36.9 7.3 0.89 

Stony 11.5 5.0 9.3 0.6 1.1 0.8 1.8 2.3 0.8 1.22 
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Year 2 (July 2013-June 2014) 
 

Autumn grazing and winter survival of lupins 
All plots were grazed in mid-June 2013. Snow partially covered the plants and sheep were only able 

to do a light grazing. Then a half meter of snow or more covered the site for three weeks until early 

July (Plate 4.3). Frosts were severe at the end of June with the air temperature descending to -10.5 

°C on 29 June but the blanket of snow protected the plants as inferred by the non-freezing soil (Figure 

4.1). 

 

 
Plate 4.3 Snow cover in late June 2013 at Glenmore Station (middle distance) viewed from Mt. John, Lake 

Tekapo. Photos by http://www.tekapotourism.co.nz/webcam.html. 

 

 
Figure 4.1 Daily minimum air and soil temperatures at Glenmore during June-October 2013. 

 

Observations in mid-September and plant counts on 1 October 2013 showed that all marked plants 

were still present and largely unhindered. While some drought stressed plants were quite small at 
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the end of autumn they appeared unaffected by the grazing and winter frosts (Plate 4.4). Cocksfoot 

plants had slightly shorter leaves where they had been grazed. A 3.4 ⁰C frost on 10 October damaged 

the young but not yet fully expanded leaves. When viewed on 20 October 2013 it was clear that 

growing points had not been damaged. 

 

 
 
 
  

Plate 4.4 Lupin/cocksfoot on 19 
September 2013 at 
Glenmore Station showing 
the effect of autumn grazing 
to the left and no grazing to 
the right of the fence 
(above) and a small marked 
lupin plant showing early 
spring growth (right). 
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Dry matter yields: Spring to autumn Year 2 
Dry matter yields from these areas (Figure 4.2) showed similar yields to the other experiments. The 

good strike of cocksfoot, where sown, produced a moderate yield of cocksfoot in the 2013-2014 

season. Lupin did poorly on the very dry stony soil and exceedingly well on the moister hill slope. 

Lupin plants, though absent from the DM yield from the dry site in March, were present but very 

small. Lucerne started well in spring but again failed to outperform other species during the summer 

dry period. 

 

 

 
Figure 4.2 Yield of pastures at Glenmore Station, sown in December 2013, during their first full growth 

season on areas not included in the main Experiments 3, 4, 5 and 6 above: 7a, sown with lucerne 
(10 kg/ha) and cocksfoot (2 kg/ha); 7b, Russell lupin only (12 kg/ha); and 7c, Russell lupin (4 
kg/ha) and cocksfoot (2 kg/ha). 
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Year 3 (July 2014-June 2015) 
 
Dry matter yields: Spring to autumn Year 3 
There was a high proportion of cocksfoot where sown in these pastures (Figure 4.3). The composition 

was based on botanical separation of cut samples for November 2014 and visual estimates in the 

field for the March 2015 sampling. Individual plants were doing well in the spring but the population 

was less than 10 plants/m2. There was no lucerne regrowth over the dry summer. Lupin persisted in 

the moister (less stony) soils but on the dryer areas lupin plants were low in numbers, small and 

unproductive. Cocksfoot showed strong growth on the slightly moister sites (Plate 4.5). 

 

 

 

 
Figure 4.3 DM yield of other sown pastures at Glenmore. 19 Nov 2014 before grazing, 27 Nov 2014 after 

grazing and 23 Mar 2015 in the autumn at the end of the dry summer. 
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Plate 4.5 Vigorous cocksfoot growth on the deeper moister soil of experiment 7c (lupin & cocksfoot – 

moist), 23 March 2014. Circular quadrat is 0.5 m2. Lupin plants though present are partially 
hidden by the cocksfoot. 

 

General discussion for Experiment 7. 
The sowing of these pastures in December 2012 was intended to utilize a variety of soil types within 

the trial area that had not been committed to designed experiments. The soils were a mosaic of 

hillocky moraine with shallow and deeper lacustrine and riverine deposits producing variable water 

holding capacities. The driest area (lupin/cocksfoot-dry) was situated on a gravelly surface possibly 

of old beach or river gravel. There was a high population of cocksfoot owing to the appropriate site 

preparation, proper drill settings and 80 mm of rain within a month of the sowing. The lupins also 

established well in Year 1 and, along with cocksfoot in Year 2, kept any re-invasion by the resident 

grasses to a minimum. The vigorous growth of the cocksfoot in Year 2 was also an indication that 

nitrogen was not limiting. Some of this nitrogen may have been from the soil organic matter 

breakdown. Lupin looks set to keep the nitrogen cycle turning. The lucerne continued to persist in 

the sown pasture but in declining numbers and with declining vigour. It is likely that a combination 

of shallow root penetration and nodulation failure is limiting their productivity. 

 

The successful establishment of perennial lupins in these border areas support the opportunity to 

use this legume as a feed supply option at Glenmore station. It is likely that the 50 ha sown on station 

will provide a higher quality of forage for lactating ewes in spring each year than the current resident 

grasses. A major factor for success will be to ensure pre-establishment methods control the resident 
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vegetation. At this point there is no sign of “escape” from the plot area to surrounding areas across 

the fence. These drilled lupins have essentially stayed within the confines of the areas that have been 

established. A combination of grazing during flowering and competition from resident vegetation 

would seem to have prevented their establishment beyond the trial block. 
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